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Abstract 
Multifunctional solar thermal building components combine three essential elements of buildings in one single compact 
component: thermal energy generation, thermal insulation and protection against environmental influences. The goal of the 
project ‘MultiKomp’ (Full title: ‘Development of multifunctional solar building components; Phase I: Basic research activities’) 
introduced in this paper is to develop multifunctional building components that simplify the integration of solar thermal 
technology into building façades and thus allow for cost reduction and an increase in the solar fraction of the total heat demand of 
buildings. MultiKomp modules demonstrate their advantages compared to common solar thermal systems especially in buildings 
with limited roof area suitable for thermal collectors and/or limited space for large thermal stores, like apartment buildings 
especially in the case of retrofitting. Besides the presentation of the project itself, this paper focuses on the results of dynamic 
system simulations carried out with TRNSYS to predict the thermal performance of several prototypes. The results of these 
simulation studies provided the basis for the final design of two prototype concepts which are also introduced and explained. 
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1. Introduction 
According to the 2030 vision of the German and European technology platforms DSTTP (Deutsche Solarthermie- 
Technologieplattform) and ESTTP (European Solar Thermal Technology Platform), so called "Solar Active Houses" 
are to become the standard technology in residential buildings. New buildings of this type cover their entire heating 
and cooling needs completely by solar thermal energy. In the case of refurbishment a solar share of at least well over 
50 % is to be achieved by "Solar Active Modernization" [1]. To achieve this increase in the solar fractions, relatively 
large collector areas and heat stores are required. Especially in multi-story compact residential buildings, an 
extension of the collector area of conventional solar thermal systems is not possible due to a lack of suitable roof 
area. A viable alternative is therefore the architectural integration of solar thermal technology in façades. The façade 
integration of solar thermal collectors is particularly interesting for systems with high solar fractions, because here 
the seasonal course of the solar irradiation better matches the space heating load. Stagnation times are reduced, as 
well, compared to roof installed solar thermal collectors. The double function of the collector leads to an improved 
thermal insulation and hence less heat losses of both the collector and the building. Furthermore the solar collector 
can also be used as a design element [2].  
The aim of the activities of the MultiKomp project is more advanced than most other comparable approaches 
known up to date. Instead of just concentrating on one component of a heating system, like the façade integration of 
solar thermal collectors, the aim is the development and façade integration of a solar thermal system as a whole for 
the purpose of domestic hot water preparation and/or space heating within the building envelope. This innovative 
building element needs to be capable of meeting the thermal requirements of the building (heat generation, storage 
and distribution) combined with a simultaneous reduction of the transmission heat losses. Improvements in terms of 
insulation, shading and active use of solar building components are not the only aspects that have to be considered 
with active energy façades compared to conventional systems, they also have to improve comfort conditions, satisfy 
esthetical aspects [2] and fulfil the requirements resulting from standards and directives related to the building 
envelope. 
The design, dynamic building simulation, as well as the development, construction and manufacturing of several 
prototypes are activities within this project. Furthermore the prototypes will be examined under laboratory 
conditions for their solar thermal performance and thermo-physical properties. A set-up of an outdoor test facility 
and the performance of outdoor tests are planned as well in order to investigate the function of the multifunctional 
components under real operating conditions. 
Besides the presentation of the project itself, the focus of this paper lies on the presentation and discussion of the 
results of the dynamic system simulations carried out with TRNSYS in order to predict the thermal performance of 
the prototypes. The results of these simulation studies lead to the final design of the two chosen prototype concepts.  
 
Nomenclature 
AUX  Auxiliary heater 
DHW  Domestic Hot Water 
DSTTP  Deutsche Solarthermie- Technologieplattform 
ESTTP  European Solar Thermal Technology Platform 
FLUENT Fluid dynamics software (ANSYS) 
ICS  Integrated Collector Storage system 
SH  Space Heating 
TRNSYS Transient Systems Simulation Software  
 
2. Development of system concepts and pre-selection of most promising concepts 
Taking into account the following basically known key technologies for heat generation, heat storage, heat 
distribution and thermal insulation and by combination of these technologies like ’puzzle pieces‘, a variety of 
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different concept ideas was developed at the beginning of the project. For heat production both, common 
components such as flat plate collectors or evacuated tube collectors, as well as less common options such as solar 
air collectors, transparent thermal insulation or approaches for integrated collector storage systems (ICS) have been 
considered. Possible alternatives for the heat storage besides conventional hot water tanks such as thermochemical 
heat storage (e.g. zeolites) and latent heat storage (e.g. paraffin or salt hydrates) were considered as well. For heat 
distribution, surface heating systems like wall or floor heating systems, radiators or air heating systems – optionally 
with heat recovery unit- were considered. In addition to conventional insulation materials, the capabilities of more 
recent developments such as vacuum insulation panels or switchable thermal insulations materials were examined.  
In total sixteen different concept ideas have been developed by the combination of the different collector, heat 
storage, heat distribution and insulation approaches mentioned above.  
An evaluation matrix was used to enable a pre-selection of the most promising concept ideas, which were then 
examined in detail by simulation studies. The following evaluation criteria were considered and weighted according 
to their importance: 
x Active or passive space heating 
x Domestic hot water preparation 
x Active cooling in summer 
x Technical feasibility 
x Design (esthetical integration in the building envelope) 
x Degree of innovation 
x Expected costs and complexity 
x Expected efficiency  / thermal performance 
x Difficulties with building regulations 
x Persistence, stability, maintenance effort 
x Thermal comfort. 
 
Based on the results of the evaluation, five system concepts were selected (sketches see Fig. 1). The first concept 
is a rather complex system with two separate thermal stores for domestic hot water and space heating. The stores are 
arranged on top of each other. The storage material of the space heating store is considered to be a phase change 
material with a suitable melting temperature range. For the domestic hot water store either water or also a phase 
change material is intended to be used. The thermal insulation between the stores as well as between the stores and 
the interior of the building is planned as vacuum insulation. The charging of the stores is accomplished by solar 
thermal vacuum tube collectors. For heat distribution a wall heating system with capillary tubes is considered.  
The second system concept is similar to the first one with the only variation that the stores are arranged side by 
side to each other. 
 
 
Fig. 1 Pre-selected MultiKomp system concepts. 
The third approach is of much simpler structure, since in contrast to the first two concepts there is no active 
space heating foreseen. Only passive contributions and absorption of temperature peaks in summer are possible by 
means of a wall material with integrated microencapsulated phase change materials. A transparent thermal 
insulation allows the solar radiation – depending on the incident angle – to pass and heat up the hot water store 
behind. The transparent insulation also functions as a thermal insulation of the hot water tank towards the outside. A 
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similar approach was selected as the fourth concept to be simulated. The only difference to the third approach is 
that a phase change material is used instead of water as store material for the domestic hot water store. 
For the fifth concept idea the principle of a so called Trombe wall was used for a semi-active space heating 
concept. Solar radiation passes through a transparent heat insulation and heats the water in a hot water store placed 
directly behind. This store is designed exclusively for domestic hot water preparation. The air in a gap between the 
store and the wall is also heated. If the air temperature in the gap is higher than the room temperature, two 
ventilation flaps in the wall are opened. Driven by the temperature dependent density difference of the air, a natural 
air circulation between air gap and room takes place, which heats the room behind. Two additional ventilation flaps 
in the outer wall could be used to prevent overheating of the room in summer. 
In a next step, simulation models for each of the five system concepts were developed in TRNSYS in order to 
analyze their potential for providing solar heat for domestic hot water and space heating by dynamic system 
simulation studies. Different setups were simulated to obtain the optimum configuration of each system concept.  
3. Simulation studies 
3.1. Dynamic system simulations with TRNSYS 
For the dynamic simulation of the thermal behavior of the selected MultiKomp concepts in TRNSYS existing 
simulation models (Types) were used when possible, such as the collector model (Type 332) [3], and the multi-zone 
building model (Type 56a). In order to simulate the wall integrated thermal store, a numerical calculation model was 
developed within the project, which is suitable for both water and phase change materials. The calculation method is 
based on the solution of an enthalpy balance for the store. Energy supply and removal of heat is either possible 
through so called double ports which means direct mass flows into and out of the store, or by means of a specific 
energy flow over a defined store surface. No internal heat exchangers are implemented in the store model. The 
behavior of a transparent thermal insulation was modeled using a procedure described by the German organization 
Fachverband Transparente Wärmedämmung e.V. [4]. In this procedure, mean values for the total energy 
transmittance of the insulation are calculated from the direct and diffuse energy transmittance factors provided by 
the manufacturer and using empirically derived factors for the direct energy transmittance factor depending on the 
month and the orientation of the insulation. 
The location chosen for the simulations is Wuerzburg, Germany. The annual solar radiation on a south facing 
vertical wall is 842 kWh/m² for this location, which is about one third less compared to a south facing surface with a 
slope angle of 45°. The distribution of the solar radiation over the year is more equal on a vertical wall, due to the 
lower position of the sun in winter; the solar radiation from October to March is higher compared to a horizontal 
plane. The heat demand for space heating is 2 268 kWh/a for the reference building. In this case, the reference 
building is represented by an office container, because the outdoor test facilities have been planned to be integrated 
into the respective containers, with the south facing wall replaced by a MultiKomp module. 
In order to simulate domestic hot water tappings, the medium sized tapping profile defined in DIN EN 13203-2 
was selected. Several hot water tappings of different quantities are performed distributed over each day. The yearly 
heat demand for domestic hot water is 2 139 kWh/a. 
The varied parameters were the total thickness of the module, the thickness of the thermal insulation, the storage 
materials (water or phase change materials with different melting temperatures), the volume of the heat store and – 
depending on the system concept – the wall thickness, the thickness of the air gap or the properties of the transparent 
thermal insulation. The module area and accordingly the collector area were defined to one square meter for each 
module. This area would be too small for a real system and was chosen for reasons of comparability only. 
 
The best concept configuration of each concept idea was selected by the comparison of the module (= solar) 
contribution to the total heat demand, for space heating and/or domestic hot water, respectively. The solar fraction is 
defined as the ratio of the solar heat provided by the module and the total heat demand for the application. In case of 
the contribution to the space heating demand, the deviation between the heat demand of the reference building 
(without MultiKomp module) and the additional heat to be provided by the auxiliary heater in case of the 
MultiKomp module was considered as the solar contribution to space heating, because some of the simulated 
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concepts only allow for passive space heating. Table 1 shows the simulation results of the optimum configuration of 
each system concept. The heat demand for space heating and domestic hot water preparation of the optimum version 
for each concept as well as the values for the reference building or container respectively, are listed in the first two 
rows. The solar contributions to space heating lie between 1.1 % (passive) and 6.9 % (active). The contributions to 
domestic hot water are in the range of 16 % - 20 %; the solar contribution to the total heat demand is between 8.6 % 
for concept 5 and 13 % for concept 1 and concept 2. 
Table 1: Simulation results: Auxiliary Heat demand for space heating and heat provided by the Multikomp modules for domestic hot water 
preparation as well as the solar fractions of the optimum version of each simulated concept. The heat demand for space heating and domestic hot 
water of the reference building are 2 268 kWh/a and 2 139 kWh/a, respectively. 
Standard module area 1 m² Concept 1 Concept 2 Concept 3 Concept  4 Concept 5 
Auxiliary heat demand space heating [kWh/a] 2 113 2 115 2 243 2 239 2 227 
Solar heat for domestic hot water [kWh/a] 419 421 372 361 336 
Solar  fraction  space heating [%] 6.9 6.7 1.1 1.3 1.8 
Solar fraction domestic hot water [%] 19.6 19.7 17.4 16.9 15.7 
Solar fraction total heat demand [%] 13.05 13.01 9.02 8.87 8.56 
 
Two prototype concepts were selected based on the simulation results presented in Table 1 and the additional 
requirement to realize two concepts for further investigations which are preferably rather different. From the five 
concepts which were simulated, the concept 3 and concept 2 were identified as the most suitable ones and in the 
following referred to as MultiKomp Prototype Module 1 and MultiKomp Prototype Module 2, respectively. 
As mentioned before, the reference module area in the simulation studies was only 1 m², which results in 
relatively small solar fractions. Thus, additional simulations with different module areas were performed for the two 
prototype concepts. The results of these simulations are shown in Fig. 2. The module area was varied between 
1 to 6 m² for both prototypes. The diagram on the left shows the solar fraction of MultiKomp Prototype Module 1. 
Up to 70 % of the domestic hot water demand could be provided by the module (blue dashed line). The green dotted 
line shows, that the contribution to the space heating demand is only about 10 % for a module area of 6 m². Due to 
the fact that MultiKomp Prototype Module 1 provides no active space heating, the main source of this contribution 
is the reduction of the building heat losses to the environment. The total solar contribution (solid red line) for the 
6 m² module area is about 10 % higher for MultiKomp Prototype Module 2 (diagram on the right). Although the 
contribution to domestic hot water preparation is about 5 % lower, the contribution to space heating is with about 
40 % at 6 m² notably higher. This is not only due to the active use of solar energy for space heating. Also the active 
charging of the stores via the solar thermal collectors, instead of direct, passive charging via solar thermal insulation 
as is the case with MultiKomp Prototype Module 1, improves the performance considerably. 
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Fig. 2 Solar thermal fraction of the heat demand by MultiKomp Prototype Module 1 (left) and MultiKomp Prototype Module 2 (right) for 
different module areas; Location: Wuerzburg, Germany. 
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In the simulations presented above, the MultiKomp modules were integrated in the south facing wall of the 
reference building or office container, respectively. To estimate the performance of the modules under more realistic 
conditions, simulations were performed, where the modules were installed in different reference dwellings. 
Information on the heat demands of the respective reference dwelling is listed in Table 2. The simulation results for 
MultiKomp Prototype Module 2 and module areas from 1 to 10 m² are displayed in Fig. 3. As anticipated, the 
highest solar fraction can be expected from the system which is integrated in a passive house (blue line), which has 
with 15 kWh/(m²a) the smallest specific heat demand of the four reference dwellings. Up to 56 % of the total heat 
demand could be provided by solar thermal energy. The second best results can be expected for a south-facing 
apartment – displayed in green – with a living area of 80 m² and a specific space heating demand of 44 kWh/(m²a). 
Although the heat demand and living area are similar for the west-facing apartment, the expected solar fraction is 
considerably lower (yellow line), due to the unfavorable orientation of the collector area. In the same range 
concerning the thermal performance is the module integrated in combination with a single family house which has a 
thermal insulation according to the German Energy Savings Regulation EnEV 2005 and is displayed in red in the 
diagram in Fig. 3.  
Table 2 Living area and annual heat demand of the four reference dwellings ( *) EnEV 2005: German Energy Savings Regulation; **) SH: space 
heating; ***) DHW: domestic hot water). 
Reference dwelling Single-family house 
(EnEV*) 2005) 
Single-family house 
(Passive house) 
Apartment; 
(South-facing) 
Apartment; 
(West-facing) 
Living area [m²] 128 128 80 80 
Heat demand SH**) [kWh/a] 9 077 1 889 3 511 3 647 
Specific heat demand SH**) [kWh/(m²a)] 71 15 44 46 
Heat demand DHW***) [kWh/a] 2 139 2 139 768 768 
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Fig. 3 Solar fraction of the total heat demand for different building types by MultiKomp Prototype Module 2; Location: Wuerzburg, Germany. 
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3.2. Steady-state module temperature distributions 
Computational fluid dynamics simulations have been performed in order to obtain the steady-state temperature 
distribution inside the prototypes for different boundary conditions. The main focus of these simulations was the 
influence of different parameters on the heat flux over the inner and outer surface of the prototypes and the surface 
temperature at the inner surface. The results of these simulations indicate for example values for maximum store 
temperatures and the required type and thickness of the thermal insulation material. For example: For both 
prototypes, the influence of the thickness of the vacuum insulation panels and the influence of different store 
temperatures were analyzed. In other simulations, the vacuum insulation was replaced by a conventional insulation 
material. Fig. 4 shows exemplary temperature distributions for MultiKomp Prototype Module 1. The reference setup 
is compared to a setup, where the vacuum insulation was replaced by a conventional insulation. It was assumed that 
the hot water store has a constant water temperature of 70 °C in both cases. Ambient temperature and room 
temperature are constant with values of 10 °C and 20 °C, respectively. In the reference case, the mean surface 
temperature of the inner wall is 21.09 °C. With a conventional insulation, the surface temperature would increase to 
a mean value of 25.06 °C. 
 
 
Fig. 4 Steady-state temperature distribution inside the MultiKomp Prototype 1 module with a) 50 mm vacuum insulation panels 
(O= 0.005 W/(mK)) and b) 50 mm conventional insulation material (O = 0.05 W/(mK)).The colour coding indicates the temperatures in the 
respective cells between 10 °C (blue) and 70 °C(red). 
4. Current project status: Technical realization of the prototype modules 
In this section, the steps from the first concept ideas towards the current prototype designs are described. The first 
concept ideas only include a rough description of the system functionality in principle and the used components. In 
the next step, the concepts were analyzed regarding the dimensions of the used components and their thermo-
physical properties in order to generate the parameters for the dynamic system simulation studies. For this purpose, 
market available products were investigated and compared. Depending on the results and findings of the simulation 
studies and other assessment criteria like costs or suitability for the application in specific types of buildings, a more 
refined design of the main prototype components were made as described in the following. 
4.1. Technical implementation of MultiKomp Prototype Module 1 
The hot water store is one of the most important components of MultiKomp Prototype Module 1. Different 
challenges have been identified during the planning of the store design. Due to the integration of the store into a 
wall, the store should preferably have a rectangular cross-section instead of a typical cylindrical shape. Due to this 
geometry, a non-pressurized store solution was chosen. Store material is 12 mm polypropylene. Four stiffeners are 
distributed over the store height to prevent deformation of the store. The transparent thermal insulation combines 
two main functions: Thermal insulation of the store to the environment and collection of solar thermal energy for the 
direct charging of the store. Therefore a product had to be found which combines both, a low heat transfer 
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coefficient and a high total energy transmission factor. The product which proved to be most suitable for this 
application is a product, which consists of silica based aerogel which is inserted between two glass plates. The 
PCM-wall on the room-orientated side of the store consists of two layers of gypsum board with inserted 
microencapsulated paraffin with a melting temperature of 23 °C. The gypsum plates are part of a metal stud 
construction, which contain also the insulation between the store and the room. In deviation from the first concept, 
aerogel mats were used as insulation material instead of vacuum insulation panels due to constructional reasons. 
The module frame is constructed of aluminum profiles. A polypropylene layer in the middle of the frame is 
included in order to reduce thermal bridges. The store is mounted on a sandwich panel in order to provide thermal 
insulation on the bottom. Top and sides of the store are insulated with vacuum insulation panels. The hydraulic 
components are positioned to the left, adjacent to the store. The main components are a circulation pump, a flat 
plate heat exchanger and a thermostatic mixing valve. 
The final design of MultiKomp Prototype Module 1 is shown in Fig. 5. The module area is about 
2 000 x 2 500 mm. The hot water store has a capacity of 400 l. At present, the prototype is under construction at the 
Research and Testing Centre for Thermal Solar Systems (TZS) of the Institute of Thermodynamics and Thermal 
Engineering (ITW) at the University of Stuttgart. First results of laboratory measurements are expected before the 
end of the year 2013. 
 
 
Fig. 5 Design of MultiKomp Prototype Module 1 (illustration without thermal insulation and hydraulic components). 
4.2. Technical implementation of MultiKomp Prototype Module 2 
MultiKomp Prototype Module 2 is currently still in the planning phase. Its construction will be accomplished 
following to the construction of MultiKomp Prototype Module 1. The anticipated design of MultiKomp Prototype 
Module 2 is shown in Fig. 6. Different to the initial idea, the solar thermal façade collectors will not be a part of the 
module but will be placed next to the store and hydraulic module. The advantage of this configuration is the 
decoupling of collector area and store volume, with the result that a larger collector area can be realized. The 
module could be placed under a window as replacement of the window sill. Main components of MultiKomp 
Prototype Module 2 are the store module – which consists of two thermally and spatially decoupled store volumes 
for domestic hot water and space heating – the hydraulic components and the thermal insulation. The domestic hot 
water store is filled with water as storage material; the space heating store is anticipated to contain polypropylene 
sheets with microencapsulated salt hydrate cores. The phase change material will be surrounded by water in order to 
charge and discharge the store directly. For thermal insulation of the stores vacuum insulation panels will be used. 
The hydraulic components will be included in the module as far as possible. 
 
Fig. 6 Anticipated design of Prototype 2. The store is located under a window; façade collectors are placed to the right and the left of the module. 
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